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BIOLOGICAL DEVICE AND BIOSENSING
METHOD THEREOFK

BACKGROUND

Biosensors are devices for sensing and detecting biomol-
ecules. The biosensors operate on the basis of electronic,
clectrochemical, optical, or mechanical detection principles.
Biosensors including transistors are sensors that electrically
sense charges, photons, or mechanical properties of bio-
entities or biomolecules. The detection can be performed by
detecting the bio-entities or biomolecules themselves, or
through interaction and reaction between specified reactants
and bio-entities/biomolecules. Such biosensors can be
manufactured using semiconductor processes, can quickly
convert electric signals, and can be easily applied to inte-
grated circuits (ICs) and microelectromechanical systems

(MEMS).

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1A 1s a top view of a biological device 1n accordance
with some embodiments.

FIG. 1B 1s a top view of a substrate of the biological
device of FIG. 1A.

FIG. 2 1s a cross-sectional view taking along line 2-2 of
FIG. 1A.

FIG. 3 1s a flow chart of a method for bio-sensing in
accordance with some embodiments.

FIG. 4A 1s a cross-sectional view of the biological device
of FIG. 2 when a bias 1s applied to a body region.

FIG. 4B 1s a cross-sectional view of the biological device
of FIG. 2 when a liquid analyte 1s disposed 1n a sensing well.

FIG. 5 1s a graph of threshold voltage of the biological
device of FIG. 1A as a function of the charging volume of
the liquid analyte.

FIGS. 6A-6C are top views ol substrates and sensing
wells 1 accordance with some embodiments.

FIG. 7A 1s a top view of a biological device 1n accordance
with some embodiments.

FIG. 7B 1s a top view of a substrate and a sensing well in
FIG. 7A.

FIG. 8A 15 a top view of a biological device 1n accordance
with some embodiments.

FIG. 8B 1s a top view of a substrate and a sensing well in
FIG. 8A.

FIG. 9 1s a cross-sectional view of a biological device in
accordance with some embodiments.

DETAILED DESCRIPTION

The {following disclosure provides many diflerent
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed i1n direct
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contact, and may also include embodiments 1in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itsell dictate a relationship between
the various embodiments and/or configurations discussed.
Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device 1in
use or operation 1n addition to the orientation depicted 1n the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-

ingly.

A biological device and the method of bio-sensing are
provided 1n accordance with various exemplary embodi-
ments. The variations of the embodiments are discussed.
Throughout the various views and 1llustrative embodiments,
like reference numbers are used to designate like elements.

FIG. 1A 1s a schematic diagram of a biological device 1n
accordance with some embodiments, FIG. 1B 1s a top view
ol a substrate 100 of the biological device of FIG. 1A, and
FIG. 2 1s a cross-sectional view taking along line 2-2 of FIG.
1A. For clarity, the gate dielectric 170 1s depicted in FIG. 2
and 1s omitted 1n FIGS. 1A and 1B. As shown 1n FIGS. 1A
to 2, the biological device includes a substrate 100, a gate
clectrode 200, and a sensing well 300. The substrate 100
includes a source region 110, a drain region 120, a channel
region 130, a body region 140, and a sensing region 150. The
channel region 130 1s disposed between the source region
110 and the drain region 120. The sensing region 1350 1s at
least disposed between the channel region 130 and the body
region 140. The gate electrode 200 1s at least disposed on or
above the channel region 130 of the substrate 100. The
sensing well 300 1s at least disposed adjacent to the sensing,
region 150. In other words, the sensing well 300 exposes the
sensing region 150 of the substrate 100, and the sensing well
300 1s aligned with the sensing region 150. The sensing well
300 1s the region used to detect biomolecules.

From another point of view, the source region 110 and the
drain region 120 are respectively disposed at opposite sides
of the channel region 130. The body region 140 1s separated
from the channel region 130. The sensing region 150 1is
physically connected the body region 140 to the channel
region 130, and the body region 140 and the channel region
130 are respectively disposed at opposite sides of the
sensing region 150. The gate electrode 200 1s at least
disposed on or above the channel region 130.

In FIGS. 1A to 2, the gate electrode 200 1s further
disposed on the sensing region 150, and the sensing well 300
1s disposed beneath the sensing region 150. In other words,
the sensing region 150 1s disposed between the gate elec-
trode 200 and the sensing well 300, and the gate electrode
200 and the sensing well 300 are respectively disposed at
opposite sides of the sensing region 150.

The following paragraphs provide detailed explanations
with respect to how to use a biological device to sense
biomolecules. FIG. 3 1s a flow chart of a method {for
bio-sensing in accordance with some embodiments. To
describe clarified, the method can be applied to, but should
not be limited to, the biological device of FIG. 1A. As shown
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in operation S10, a biological device 1s provided. In some
embodiments, the biological device of FIG. 1A 1s provided.

Subsequently, as shown in operation S20, forming a
depletion region 1n the sensing region 150, such that at least
partial of the sensing region 150 1s depleted. In other words,
at least partial of the sensing region 1350 i1s the depletion
region. The “depletion region™ herein 1s an 1insulating region
within a conductive and doped semiconductor material
where the mobile charge carriers have been forced away, or
have diffused away by an electric field. Hence, the elements
left 1n the depletion region are 1omized donor or acceptor
impurities.

In some embodiments, a plasma treatment 1s performed to
the sensing region 150 to make the sensing region 150
become depleted. In some other embodiments, an 1on
implantation process 1s performed to the sensing region 150
to make the sensing region 150 become depleted. The
plasma treatment and the 1on implantation process can be
done during the biological device 1s manufactured, and the
claimed scope of the present disclosure 1s not limited 1n this
respect.

In still some other embodiments, a bias 1s applied to the
body region 140 to make the sensing region 150 become
depleted. For example, a bias source 160 (see FIG. 2) can be
clectrically connected to the body region 140. The sensing
region 150 can be a non-depletion region when the bias 1s
not applied. When the bias 1s applied to the body region 140,
an electric field 1s generated in the sensing region 150 and
at least partial of the sensing region 150 becomes depleted.

For example, FIG. 4A 1s a cross-sectional view of the
blologlcal device of FIG. 2 when the bias 1s applied to the
body region 140. Reference 1s made to FIGS. 1B and 4A. In
FIG. 4A, almost the entire sensing region 150 1s the deple-
tion region 152 when the bias 1s applied to the body region
140. Therefore, current 1s not allowed to tlow from the body
region 140 to the channel region 130. However, 1n some
other embodiments, the depletion region 152 may occupy a
portion of the sensing region 150. Basically, embodiments
tall with the claimed scope 11 at least partial of the sensing
region 150 1s the depletion region 152.

Reference 1s made to FIGS. 1A-3. As shown 1n operation
530, a iquid analyte 400 1s disposed 1n the sensing well 300.
The liquid analyte 400 includes target molecules that would
bind to the sensing region 1350. The reaction and bound
target molecules are sensed by the biological device. In
some embodiments, the liquid analyte 400 1includes biologi-
cal molecules, such as single-stranded deoxyribonucleic
acid (ssDNA) or smgle nucleotide polymorphlsm (SNP).
The liquid analyte 400 1s disposed 1n the sensing well 300.
The molecules of the liquid analyte 400 may be charged
biomolecules, which then move close to the sensing region
150 and change the electrical performance thereof.

For example, FIG. 4B 1s a cross-sectional view of the
biological device of FIG. 2 when the liquid analyte 400 1s
disposed in the sensing well 300. The charged biomolecules
may change the electric field of the sensing region 150, and
therefore, the depletion behavior of the depletion region 152
1s changed accordingly. In FIG. 4B, for example, the deple-
tion region 152 1s reduced and a channel 154 1s formed 1n the
sensing region 150. Hence, current can flow from the body
region 140 to the channel region 130.

It 1s noted that the depletion behavior of the depletion
region 152 changed 1n the sensing region 150 1 FIGS. 4A
and 4B are illustrative, and should not limit the claimed
scope of the present disclosure. In some other embodiments,
a channel can be formed 1n the sensing region 150 when the
liquid analyte 400 1s absent, and the channel 1s blocked when
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the liquid analyte 400 1s disposed (or filled) 1n the sensing
well 300. Basically, embodiments fall within the claimed
scope of the present disclosure if the depletion behavior of
the depletion region 152 1s changed when the liquid analyte
400 1s disposed 1n the sensing well 300.

Reference 1s made to FIGS. 1A-3. As shown in operation
5S40, a threshold voltage between the source region 110 and
the drain region 120 1s measured. Specifically, the source
region 110, the drain region 120, the channel region 130, and
the gate electrode 200 can form a transistor T, and the
threshold voltage of the transistor T depends on the current
of the channel region 130. As mentioned above, since the
liqguid analyte 400 changes the depletion behavior of the
depletion region 152 of the sensing region 150, the current
amount flowing from the body region 140 to the channel

region 130 1s changed according to the charging degree of
the charging biomolecules of the liquid analyte 400. Hence,

the current in the channel region 130 1s changed accordingly,
aflecting the threshold voltage of the transistor T. Therelore,
the charging molecules of the liquid analyte 400 can be
sensed by measuring the threshold voltage.

In FIGS. 1A-3, the liquid analyte 400 can change the
depletion behavior of the depletion region 152 1n the sensing
region 150. Therefore, the threshold voltage of the transistor
T can be changed accordingly. Since the depletion behavior
of the depletion region 152 is sensitive to the charging
performance of the liquid analyte 400, the sensitivity of the
biological device of FIG. 1A can be improved. Furthermore,
the source region 110, the drain region 120, the channel
region 130, and the gate electrode 200 1n FIG. 1A can form

a switch (1.e., the transistor T) to control the on/ofl state of
the blologlcal device. While a conventional biological
device uses an additional switch to control the on/oil state of
the biological device, the biological device 1n FIG. 1A does
not connect to an additional switch, which occupies an
additional area, resulting in a small device size. Hence, the
density of the biological devices can be increased.

It 1s noticed that the flow chart of FIG. 3 shows exemplary
operations, but they may not performed 1n the order shown.
Operations may be added, replaced, and/or changed order as
appropriate, in accordance with the spint and scope of
disclosed embodiments.

Reference 1s made again to FIG. 1A. The substrate 100 1s
a semiconductor substrate. The substrate 100 may be a
silicon substrate or water. Alternatively, the substrate 100
may include another elementary semiconductor, such as
germanium (Ge); a compound semiconductor including sili-
con carbide (S1C), gallium arsenic (GaAs), galllum phos-
phide (GaP), indium phosphide (InP), indium arsenide
(InAs), and/or indium antimonide (InSb); an alloy semicon-
ductor including S1Ge, GaAsP, AllnAs, AlGaAs, GalnAs,
(GalnP, and/or GalnAsP; or combinations thereof. In various
embodiments, the substrate 100 1s a silicon-on-insulator
(SOI) substrate.

The substrate 100 may be doped, such as P-type and
N-type, to form the source region 110, the drain region 120,
the channel region 130, the body region 140, and the sensing
region 150. In some embodiments, the source region 110 and
the drain region 120 are N-doped regions, and the channel
region 130, the body region 140, and the sensing region 150
are P-doped regions. Hence, the transistor T 1s a P-channel
transistor. In some other embodiments, the source region 110
and the drain region 120 are P-doped regions, and the
channel region 130, the body region 140, and the sensing
region 150 are N-doped regions. Hence, the transistor T 1s an
N-channel transistor.
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In FIG. 2, the biological device further includes a gate
dielectric 170 disposed between the gate electrode 200 and
the substrate 100. The gate dielectric 170 may be formed of
silicon oxide (S10x). In some other embodiments, the gate
dielectric 170 includes silicon nitride (S1NXx), silicon oxyni-
tride (S10ON), a dielectric with a high dielectric constant
(high k), and/or combinations thereof. Examples of high k
materials include hatnium silicate, hatnium oxide, zirco-
nium oxide, aluminum oxide, tantalum pentoxide, hatnium
dioxide-aluminum (H1O,—AI20,) alloy, or combinations
thereol.

Reference 1s made to FIGS. 1A and 1B. The gate electrode
200, the source region 110, the drain region 120, and the
channel region 130 may be formed using suitable CMOS
process technology. The transistor T may be formed using

typical CMOS processes such as, photolithography; 1on
implantation; diffusion; deposition including physical vapor
deposition (PVD), metal evaporation or sputtering, chemaical
vapor deposition (CVD), plasma-enhanced chemical vapor
deposition (PECVD), atmospheric pressure chemical vapor
deposition (APCVD), low-pressure CVD (LPCVD), high
density plasma CVD (HDPCVD), atomic layer CVD (AL-
CVD), spin on coating; etching including wet etching, dry
cetching, and plasma etching; and/or other suitable CMOS
processes. In some embodiments, the gate electrode 200 1s
made of polysilicon. In some other embodiments, the gate
clectrode 200 includes metal gate electrodes including mate-
rial such as, Cu, W, T1, Ta, Cr, Pt, Ag, Au, suitable metallic
compounds like TiN, TaN, Ni1S1, CoS1, or combinations of
these conductive materials.

In FIG. 2, the sensing well 300 may be formed by a buried
oxide (BOX) layer 310. In greater detail, the buried oxide
layer 310 may be disposed at a side of the substrate 100
opposite to the gate electrode 200, and the opening inside the
buried oxide layer 310 forms the sensing well 300. In some
embodiments, the buried oxide layer 310 1s silicon dioxide
(S10,).

FIG. 5 1s a graph of threshold voltage of the biological
device of FIG. 1A as a function of the charging volume of
the liquid analyte 400. The charging volume 1s the equiva-
lent charges bonded at the sensing well 300 from the liqud
analyte 400. The unit of the charging volume is cm™>, and
the unit of threshold voltage 1s Voltage (V). Reference 1s
made to FIGS. 1B, 4A and 5. As mentioned above, 1n some
embodiments, the source region 110 and the drain region
120 are N-doped regions, and the channel region 130, the
body region 140, and the sensing region 150 are P-doped
regions. A negative bias (such as about -2.5 V) can be
applied to the body region 140 to form the depletion region
152 1n the sensing region 1350 (as shown in FIG. 4A). In this
case, the current flowing from the body region 140 to the
channel region 130 1s almost blocked by the depletion region
152, and the biological device has an original threshold
voltage Vot.

Reference 1s made to FIGS. 1B, 4B and 5. When the liquid
analyte 400 having negative charging molecules 1s disposed
in the sensing well 300, the negative charging biomolecules
may be close to the sensing region 150 and change the
depletion behavior of the depletion region 152. For example,
the depletion behavior of the depletion region 152 1s less
depleted, and a channel 154 1s formed in the sensing region
150 to allow the current from the body region 140 to pass
therethrough. Therefore, the threshold voltage of the bio-
logical device 1s increased. Furthermore, as the charging
volume of the negative charging molecules increases, the
threshold voltage increases.
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In some other embodiments, the liqud analyte 400 may
have positive charging biomolecules, which causes the
depletion region 152 of the sensing region 150 more
depleted. Hence, the current from the body region 140 is
more difficult to pass the sensing region 150, and the
threshold voltage 1s decreased. Furthermore, as the charging
volume of the positive charging biomolecules increases, the
threshold voltage decreases. Therefore, by forming the
depletion region 152 1n the sensing region 150, the charging
molecules 1n the liquid analyte 400 can aflect the depletion
behavior of the depletion region 152 and thus be sensed by
the biological device.

In some embodiments, the bias source 160 1s a tunable
bias source, which can tune the depletion behavior of the
sensing region 150 according to the sensitivity of the bio-
logical device. Furthermore, although in FIGS. 4A and 4B,
the depletion region 152 i1s formed by applying a negative
bias to the body region 140, the depletion region 152 can be
formed using a plasma treatment or 1on 1mplantation process
in some other embodiments. Basically, embodiments fall
within the claimed scope 11 a depletion region 152 1s formed
in the sensing region 150 and the depletion behavior of the
depletion region 1352 1s changed according to the charging
volume of the liquid analyte 400.

Reference 1s made again to FIGS. 1B and 2. As mentioned
above, 1n some other embodiments, the source region 110
and the drain region 120 are P-doped regions, and the
channel region 130, the body region 140, and the sensing
region 150 are N-doped regions. A positive bias (such as
about +2.5 V) can be applied to the body region 140 to form
a depletion region 1n the sensing region 150. In this case, the
biological device has another original threshold voltage.

When the liquid analyte 400 1s disposed in the sensing
well 300, the depletion behavior of the depletion region 1s
changed. In some embodiments, as the charging volume of
the negative charging biomolecules increases, the threshold
voltage decreases, and as the charging volume of the posi-
tive charging biomolecules increases, the threshold voltage
increases. Also, the depletion region can be formed using a
plasma treatment or 10n implantation process in some other
embodiments.

Reference 1s made to FIGS. 1A to 2. In the aforemen-
tioned embodiments, a depletion region can be formed 1n the
sensing region 140 of the substrate 100. When the liquid
analyte 400 1s disposed in the sensing well 300, the charging
biomolecules therein can aflect the depletion behavior of the
depletion region, thereby aflecting the threshold voltage of
the transistor T. Furthermore, the threshold voltage 1s
changed according to the charging volume and the charge
type (positive or negative charged) of the charging biomol-
ecules. Hence, by measuring the threshold wvoltage, the

charging volume and the charge type of the charging
biomolecules can be 1dentified.

In FIG. 1B, the sensing region 150 1s further disposed
between the source region 110 and the body region 150 and
between the drain region 110 and the body region 150. In
other words, the source region 110 and the body region 150
are respectively disposed at opposite sides of the sensing
region 150, and the drain region 120 and the body region 150
are respectively disposed at opposite sides of the sensing
region 150. Therefore, the sensing region 150 and the
channel region 130 form a T-shaped figure. The sensing well
300 1s disposed beneath a portion of the sensing region 150
disposed between the channel region 130 and the body
region 140. However, the size and the position of the sensing
well 300 1s not limited 1n this respect.
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FIGS. 6 A-6C are top views of substrates 100 and sensing,
wells 200 1n accordance with some embodiments. In FIG.
6 A, the sensing well 300 1s disposed beneath (or adjacent to)
the sensing region 130. The sensing well 300 exposes the
sensing region 130. In FIG. 6B, the sensing well 300 1s
turther disposed beneath (or adjacent to) the channel region
130. That 1s, the sensing well 300 1s disposed beneath (or
adjacent to) the sensing region 150 and the channel region
130. The sensing well 300 exposes the sensing region 150
and the channel region 130. In FIG. 6C, the sensing well 300
1s Turther disposed beneath (or adjacent to) the source region
110 and the drain region 120. That 1s, the sensing well 300
1s disposed beneath (or adjacent to) the sensing region 150,
the channel region 130, the source region 110, and the drain
region 120. The sensing well 300 exposes the sensing region
150, the channel region 130, the source region 110, and the
drain region 120. In some other embodiments, the sensing
well 300 1s disposed beneath (or adjacent to) the sensing
region 150, the channel region 130, the source region 110,
and/or the dramn region 120. Basically, embodiments fall
within the claimed scope 11 the sensing well 300 1s at least
disposed adjacent to the sensing region 150.

Reference 1s made again to FIGS. 1A and 1B. In FIGS. 1A
and 1B, the sensing region 150 and the channel region 130
form a T-shaped figure. Accordingly, the gate electrode 200
1s T-shaped. However, the shapes of the sensing region 150,
the channel region 130, and the gate electrode 200 are not
limited 1n this respect. FIG. 7A 1s a top view of a biological
device 1n accordance with some embodiments, and FIG. 7B
1s a top view of a substrate 100 and a sensing well 300 1n
FIG. 7A. For clanty, the gate dielectric 170 (see FIG. 2) 1s
omitted 1n FIG. 7A. In FIGS. 7A and 7B, the sensing region
150 and the channel region 130 form an I-shaped figure.
Accordingly, the gate electrode 200 1s I-shaped. The sensing,
well 300 1s disposed beneath the sensing region 150. In some
other embodiments, however, the sensing region 150 can
extend to the channel region 130, even to the source region
110 and/or drain region 120.

FIG. 8A 15 a top view of a biological device 1n accordance
with some embodiments, and FIG. 8B 1s a top view of a
substrate 100 and a sensing well 300 in FIG. 8A. For clarity,
the gate dielectric 170 (see FI1G. 2) 1s omitted 1n FIG. 8A. In
FIGS. 8A and 8B, there are two sensing regions 150, two
body regions 140, and two sensing wells 200. The channel
region 130 1s disposed between two of the sensing regions
150, and the two sensing regions 150 are respectively
disposed between the two body regions 140 and the channel
region 130. The two sensing regions 150 and the channel
region 130 form an H-shaped figure. Accordingly, the gate
clectrode 200 1s H-shaped. The sensing wells 200 are
respectively disposed beneath the two sensing regions 150.
In some other embodiments, however, the sensing regions
150 can respectively extend to the channel region 130, even
to the source region 110 and/or drain region 120. Alterna-
tively, the two sensing wells 200 can be combined.

FIG. 9 1s a cross-sectional view of a biological device in
accordance with some embodiments. The cross-sectional
position of FIG. 9 1s the same as the cross-sectional position
of FIG. 2. In FIG. 9, both of the sensing well 300 and the
gate electrode 200 are disposed on the substrate 100. The
sensing well 300 1s disposed on the sensing region 150, and
the gate electrode 1s disposed on the channel region 130.
Other relevant structural details of the biological device 1n
FIG. 9 are similar to the biological device of FIG. 2, and,
therefore, a description 1n this regard will not be repeated
hereinatter.

10

15

20

25

30

35

40

45

50

55

60

65

8

It 1s understood that the embodiments of the biological
device mentioned above are provided as examples and are
not mtended to be limited. The biological device may have
different configurations consistent with the spirit of the
present disclosure 1n alternative embodiments depending on
real situations and manufacturing concerns.

In the atorementioned embodiments, a depletion region
can be formed 1n the sensing region of the substrate. When
the liquid analyte 1s disposed in the sensing well, the
charging biomolecules therein can aflect the depletion
behavior of the depletion region, thereby aflecting the
threshold voltage of the transistor. Furthermore, the thresh-
old voltage 1s changed according to the charging volume and
the charge type of the charging biomolecules. Hence, by
measuring the threshold voltage, the charging volume and
the type of the charging biomolecules can be identified.
Since the depletion behavior of the depletion region 1s
sensitive to the charging performance of the liquid analyte,
the sensitivity of the biological device can be improved.
Furthermore, the source region, the drain region, and the
channel region of the transistor can form a switch to control
the on/oil state of the biological device. In other words, the
biological device does not connect to an additional switch,
which occupies an additional area, resulting in a small
device size. Hence, the density of the biological devices can
be increased.

An aspect of the present disclosure 1s to provide a
biological device including a substrate, a gate electrode, and
a sensing well. The substrate includes a source region, a
drain region, a channel region, a body region, and a sensing
region. The channel region 1s disposed between the source
region and the drain region. The sensing region 1s at least
disposed between the channel region and the body region.
The gate electrode 1s at least disposed on or above the
channel region of the substrate. The sensing well 1s at least
disposed adjacent to the sensing region.

Another aspect of the present disclosure 1s to provide a
biological device including a substrate, a gate electrode, and
a sensing well. The substrate includes a channel region, a
source region, a drain region, a body region, and a sensing,
region. The source region and the drain region are respec-
tively disposed at opposite sides of the channel region. The
body region 1s separated from the channel region. The
sensing region 1s physically connected the body region to the
channel region. The gate electrode 1s at least disposed on or
above the channel region. The channel region, the source
region, the drain region, and the gate electrode form a
transistor. The sensing well exposes the sensing region.

Still another aspect of the present disclosure 1s to provide
a method for biosensing including providing a biological
device. The biological device includes a substrate, a gate
clectrode, and a sensing well. The substrate includes a
source region, a drain region, a channel region, a body
region, and a sensing region. The channel region 1s disposed
between the source region and the drain region. The sensing
region 1s at least disposed between the channel region and
the body region. The gate electrode 1s at least disposed on or
above the channel region of the substrate. The sensing well
1s at least disposed adjacent to the sensing region. A deple-
tion region 1s formed 1n the sensing region. A liquid analyte
1s disposed 1n the sensing well. A threshold voltage between
the source region and the drain region 1s measured.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
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processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A device comprising:

a substrate comprising;

a source region and a drain region;

a channel region disposed on a same plane as the source
region and the drain region and between the source
region and the drain region 1n a first lateral direction
on the plane;

a body region; and

a sensing region disposed at least on the same plane as
the channel region and between the channel region
and the body region 1n a second lateral direction on
the plane different from the first lateral direction,
wherein the sensing region i1s configured to bind
target molecules;

a gate electrode disposed on the substrate;

a sensing well disposed at least adjacent to the sensing

region; and

a gate dielectric disposed between the sensing region and

the gate electrode.

2. The device of claim 1, further comprising:

a bias source electrically connected to the body region.

3. The device of claim 2, wherein the bias source 1s a
tunable bias source.

4. The device of claim 1, wherein the sensing well 1s
disposed beneath the channel region.

5. The device of claim 1, wherein the sensing well 1s
disposed beneath the source region and the drain region.

6. The device of claim 1, wherein the sensing region is
disposed between the source region and the body region and
between the drain region and the body region in the second
lateral direction.

7. The device of claim 1, wherein the channel region 1s
disposed between two sensing regions, and the two sensing
regions are respectively disposed between two body regions
and the channel region.

8. The device of claim 1, wherein the gate electrode 1s
T-shaped, I-shaped, or H-shaped.

9. The device of claim 1, wherein the gate electrode 1s
turther disposed above the sensing region, and the sensing
well 1s disposed beneath the sensing region.

10. The device of claim 1, wherein the sensing well 1s
disposed above the sensing region.

11. The device of claim 1, wherein the sensing well
exposes at least a portion of the sensing region and does not
expose any portion of the channel region.

12. The device of claim 1, wherein the gate electrode 1s
disposed directly on the gate dielectric.

13. A device comprising:

a substrate comprising:

a channel region;

a source region and a drain region respectively dis-
posed on a same plane as the channel region and at
opposite sides of the channel region 1n a first lateral
direction on the plane;

a body region separated from the channel region; and

a sensing region disposed on the same plane as the
channel region and physically connecting the body
region to the channel region mm a second lateral
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direction on the plane different from the first lateral

direction, wherein the sensing region 1s configured to

bind target molecules;

a gate electrode disposed on the substrate, wherein the
channel region and the sensing region are on a same
side of the gate electrode;

a sensing well that exposes at least part of the sensing
region; and

a gate dielectric disposed between the gate electrode and
the substrate, and above at least the body region, the
sensing region and the channel region.

14. The device of claim 13, wherein at least part of the

sensing region 1s a depletion region.

15. The device of claim 13, wherein the sensing well does
not expose any portion of the channel region, and where the
sensing well 1s on a first surface of the substrate and the gate
electrode 1s on a second surface of the substrate, the second
surface being opposite to the first surface.

16. The device of claim 13, wherein the gate electrode 1s
disposed directly on the gate dielectric.

17. A method for biosensing comprising;:

providing a device, comprising:

a substrate comprising:

a source region and a drain region;

a channel region disposed on a same plane as the
source region and the drain region and between
the source region and the drain region 1n a first
lateral direction on the plane;

a body region; and

a sensing region at least disposed on the same plane
as the channel region and between the channel
region and the body region in a second lateral
direction on the plane different from the {first
lateral direction, wherein the sensing region 1is
configured to bind target molecules;

a gate electrode disposed on the channel region and the
sensing region ol the substrate;

a sensing well disposed at least adjacent to the sensing
region; and

a gate dielectric disposed between the gate electrode
and the substrate, and above at least the sensing
region and the channel region, wherein the gate
dielectric extends as a layer from the sensing region
to the channel region;

forming a depletion region 1n the sensing region;

disposing a liquid analyte in the sensing well; and

measuring a threshold voltage between the source region
and the drain region.

18. The method of claim 17, wherein forming the deple-

tion region comprises applying a bias to the body region.

19. The method of claim 18, wherein the bias 1s a negative
bias.

20. The method of claim 18, wherein the bias 1s a positive
bias.

21. The method of claim 17, wherein forming the deple-
tion region comprises performing a plasma treatment to the
sensing region.

22. The method of claim 17, wherein forming the deple-
tion region comprises performing an 1on 1mplantation pro-
cess to the sensing region.

23. The method of claim 17, wherein the source region
and the drain region are formed of N-doped materials, and
the channel region, the body region, and the sensing region
are Tormed of P-doped materials.

24. The method of claim 17, wherein the source region
and the drain region are formed of P-doped materials, and
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the channel region, the body region, and the sensing region
are formed of N-doped materials.

25. The method of claim 17, wherein the sensing well

exposes at least a portion of the sensing region and does not
expose any portion of the channel region.

26. The method of claim 17, wherein the gate electrode 1s
disposed directly on a first side of the gate dielectric and the

sensing region 1s disposed on a second side of the gate
dielectric, the second side being opposite to the first side.
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